Introduction
Chronic nasal disease is relatively common in dogs [1] . Nasal disease more commonly occurs in mesocephalic and dolichocephalic breeds [1, 2] with the most common clinical sign being nasal discharge [2, 3] . Common causes of nasal disease in dogs include neoplasia, nonspecific inflammatory rhinitis, and mycotic disease [2] [3] [4] [5] . Other potential causes including oral/dental disease, bacterial, polyps, and granulomatous rhinitis have been reported in dogs with chronic nasal disease but are less frequent [3, 5, 6] . Idiopathic or inflammatory nasal polyps are rarely reported in the veterinary literature [5] [6] [7] . In one study, all dogs identified with nasal polyps were Labrador Retrievers, potentially suggesting a breed predilection [5] ; however, this has not been widely supported [6] .
Inflammation leading to subsequent malignancy is a well-described phenomenon in people and domestic animals, and it has been speculated that nasal polyps can undergo malignant transformation; however, this has not previously been reported in dogs, and to the best of the authors' knowledge, malignant transformation within a nasal polyp to sarcoma has not been reported in either the human or veterinary literature previously.
Case Report
A 12-year-old female neutered Australian Kelpie cross was initially referred to the University of Melbourne U-Vet Animal Hospital with an 11-month history of progressive paroxysmal sneezing, stertorous breathing, occasional reverse sneezing, and intermittent epistaxis. A mass occasionally protruded from the right nostril. Five months prior to referral, the dog underwent nasal investigation at a secondary referral center consisting of advanced imaging (MRI), rhinoscopy, and nasal biopsies (Fig. 1A) , which were consistent with nasal polyposis. Treatment was continually prescribed following this diagnosis and variably included prednisone 0.45 mg/kg PO q 12 h, doxycycline 4.5 mg/kg PO q 12 h, piroxicam 0.33 mg/kg PO q 24 h, This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. and azathioprine 1.1 mg/kg PO q 48 h. Despite the diagnosis and treatment, the dog had persistent and worsening clinical signs and was subsequently referred.
Sections of the original nasal biopsies, collected prior to referral, were obtained and reviewed (AWS), with agreement that the initial nasal biopsies were consistent with a histopathological diagnosis of nasal polypoid hyperplasia (Fig. 1A) .
At the time of referral, the dog had right-sided epistaxis during examination with a lack of airflow through the right nostril. There was normal facial symmetry, normal nasal planum pigmentation, no pain elicited on facial palpation, and normal conscious dental and hard palate assessment. The remainder of the physical examination was normal. Hematology, biochemistry, prothrombin, and activated partial thromboplastin time were performed. Increased alkaline phosphatase (766 U/L -reference interval 10-120 U/L), likely due to previous corticosteroid administration, was the only observed abnormality.
The dog was anesthetized for plain and contrast nasal computed tomography (CT; Siemens Emotion 16, Erlangen Germany). Nasal CT findings included a combination of fluid and soft tissue attenuating material occupying the right nasal cavity, right maxillary recess, and right frontal sinus. The material in the right nasal cavity partially obscured the normal turbinate pattern. Contrast enhancement of this material was absent in the right frontal sinus, mild and homogeneous in the right maxillary recess, and mild and heterogeneous in the right nasal cavity ( Fig. 2A,B) .
Immediately following CT, rhinoscopic evaluation confirmed the presence of soft, friable masses blocking both choanae on retrograde examination (Fig. 3A) . Antegrade rhinoscopy showed several large friable masses in the right nasal cavity (Fig. 3B ). Biopsies were obtained from inspected lesions and both nasal cavities and the nasopharynx. Vigorous nasal flushing and debridement using endoscopic forceps also dislodged material and resulted in patency of the right nostril.
Samples were submitted for histopathology and microbiological culture, with negative bacterial and fungal cultures. Histopathological examination identified edematous submucosal proliferation similar to the initial biopsies, but with a more severe inflammatory infiltrate of neutrophils, eosinophils, plasma cells, and lymphocytes, as well as multiple discrete foci of atypical mesenchymal cells throughout the biopsy tissue from both nasal passages (Fig. 1B) . The atypical mesenchymal cells were spindloid to fusiform with minimal cytoplasm and were arranged in loose streams associated with slightly mucinous stroma. The cells within these foci were uniform, and no mitoses were noted. The histopathological diagnosis for these biopsy specimens was bilateral inflammatory polypoid hyperplasia with mesenchymal atypia. The dog was treated with doxycycline (prescription for human pharmacy: trade name/brand unknown) 100 mg, 4 mg/kg PO q 12 h until bacterial culture results returned. Based upon the histopathological diagnosis, inhaled fluticasone (Flixotide â ; GlaxoSmithKline, Victoria, Australia) 250 lg, q 12 h was prescribed for this dog; she initially responded well to treatment with a marked reduction in clinical signs as only infrequent reverse sneezing occurred. After a period of 3 months, episodes of stertorous breathing, reverse sneezing, and epistaxis subsequently recurred. The periodic relapses were treated with an antimicrobial (doxycycline 100 mg, 4 mg/kg PO q 12 h for 1 month) and short courses of systemic corticosteroids (prednisone [Pred-X 20 mg â ; APEX Laboratories, New South Wales, Australia] 10 mg, 0.45 mg/kg PO q 24 h on a tapering schedule for 5 days before being reduced to 5 mg PO q 48 h before discontinuation), in addition to inhaled corticosteroids and an oral mucolytic (bromhexine [Bisolvon â ; Boehringer Ingelheim, New South Wales, Australia] 8 mg, 0.3 mg/kg PO q 8 h for 5 weeks). This treatment was temporarily successful, but three additional endoscopic debulking procedures were performed to control clinical signs over the following 18 months. Debulking was achieved by grasping the polyps with forceps and retracting, as well using a soft urinary catheter and flushing sterile saline vigorously to help dislodge the polyps.
Despite combination medical therapy and debulking procedures, the dog continued to show clinical signs with stertorous breathing and intermittent epistaxis that occurred in progressively shortening intervals. Further nasal investigation was subsequently performed (33 months after initial clinical signs and 26 months after the initial nasal biopsies). Nasal CT again identified similar findings; however, new findings included right nasal turbinate destruction and focal bone destruction of the right maxilla, nasal septum and right wing of the vomer, with extension of soft tissue material into the left nasal cavity and right nasopharynx (Fig. 2C,D) . Rhinoscopy confirmed an extensive obstructive right nasal mass, turbinate destruction, increased mucus, and prominent mucosal lymphoid follicles (Fig. 3C,D) . Biopsy specimens obtained from the right nasal passage identified polypoid changes with foci of atypical mesenchyme similar to the previous biopsy, but in some areas, these mesenchymal cells displayed anisokaryosis with prominent nucleoli and a high mitotic rate with occasional bizarre mitoses. In multiple areas, these cells were arranged in lacunae within chondroid stroma (Fig. 1C) , consistent with chondrosarcoma. Low pH Alcian blue staining confirmed the presence of sulfonated proteoglycans within the stroma of these areas, consistent with cartilage; this staining was not observed in areas of mesenchymal atypia from the previous biopsy. A diagnosis of nasal chondrosarcoma was made. The dog was then treated with external beam radiation with 19 cycles of 2.85 Gy dailyfractionated radiation therapy (Monday through Friday) to 54.15 Gy to 95% isodose line on a 6MV linear accelerator radiotherapy unit. Radiation therapy was effective in controlling clinical signs with absence of clinical signs for 10 months. Following this time, the dog developed nonspecific clinical signs of reduced appetite and lethargy with gastrointestinal signs, right-sided glaucoma and subsequently developed a recurrence of nasal signs with stertorous breathing, reverse sneezing, sneezing, gagging, and a mild bilateral seromucoid discharge. The presumptive diagnosis was local disease progression, and repeated nasal investigation was performed with nasal CT, rhinoscopy, and nasal biopsies. This confirmed the diagnosis of chondrosarcoma and local disease progression. The owners did not wish to repeat radiation therapy or pursue systemic chemotherapy due to the side effects and poor prognosis, respectively. The dog was managed for a further 4 months with inhaled fluticasone, and oral analgesia/nonsteroidal anti-inflammatory medication before being euthanized.
Discussion
The underlying etiology of nasal polyp formation in dogs -as in humans -remains unclear, although chronic inflammation may predispose to the development of nasal polyps [8, 9] . The optimal treatment for inflammatory nasal polyps in dogs also remains unknown, similar to the situation in human medicine, with both the potential for medical and surgical treatment options; however, regardless of the type of therapy, recurrence is considered to be common [8] [9] [10] [11] . In human medicine, the generally accepted medical practice is to attempt medical therapy as the primary treatment modality for 3 months with surgical intervention then only attempted in refractory cases [8] . A small case series of five dogs with nasal polyps reported clinical resolution of nasal disease in all cases with surgical management (rhinotomies), but the polyps recurred in two of five (40%) of the dogs [6] . As there is no consensus regarding the requirement for surgery in people, and given the relatively high rate of recurrence of clinical signs in dogs with nasal polyps that underwent rhinotomy in addition to the high morbidity associated with these procedures, invasive surgery cannot currently be recommended for dogs with nasal polyps. In the human literature, topical corticosteroids are effective in reducing the symptoms, size of the nasal polyps, and recurrence as well as having minimal systemic side effects [11] . Based on these considerations, medical therapy was attempted first in the case, but was ineffective in controlling clinical signs. Institution of endoscopic debulking procedures in addition to the medical therapy helped to achieve temporary clinical remission, but clinical signs of nasal disease repeatedly recurred after debulking. The time between debulking and recurrence of clinical signs progressively reduced, ultimately leading to repeat nasal investigation given the concerns over potential malignant transformation.
As previously mentioned, inflammation leading to subsequent malignancy is a well-described phenomenon in people and domestic animals. The inflammation may have been primarily from the polyps or potentially exacerbated by the debridement procedures; however, we feel the latter is unlikely due to only four procedures over 18 months being performed. The potential for malignant transformation of nasal polyps has been demonstrated by the development of precancerous changes in people, with carcinoma in situ developing in a subset of these patients [12] . Carcinoma in situ is considered to be a "precancerous change" given its morphology is consistent with malignancy; however, it does not yet show malignant behavior of invasion or metastasis and whilst this only occurs in <2% of people with nasal polyps [12, 13] , there is a link between carcinoma in situ and microinvasion, which demonstrates the potential for malignant transformation of nasal polyps to invasive carcinoma [13] . Whilst malignant transformation within a nasal polyp to an epithelial tumor has been reported in people [13] , to the best of the authors' knowledge, malignant transformation within a nasal polyp to sarcoma has not been reported in either the human or veterinary literature previously. The exact pathophysiological mechanism by which inflammation leads to neoplasia remains unknown; however, it is recognized that inflammation has the potential to lead to mesenchymal malignant transformation, with one of the most notable occurrences in veterinary medicine being feline injection-site sarcomas (FISS) [14] .
Pseudosarcomatous changes in nasal polyps have been described rarely in people, characterized by proliferation of atypical mesenchymal cells with a low mitotic index [15] ; the interim nasal biopsies in this case were consistent with this described phenomenon. In contrast, the frequent mitoses and formation of abnormal chondroid stroma observed in the final biopsy specimens from this case are inconsistent with descriptions of pseudosarcomatous change and indicate that this is a true mesenchymal neoplasm rather than pseudosarcomatous change.
We believe this case demonstrates malignant mesenchymal transformation rather than a missed initial diagnosis of chondrosarcoma or two independent processes -nasal polyposis and neoplasia -occurring concurrently. All biopsies from different time points being independently reviewed by one of the authors (AWS) and additionally were also blindly reviewed by a board-certified pathologist. Firstly, the original biopsies were consistent with a diagnosis of nasal polyposis. The second nasal biopsies performed (at the first presentation to U-Vet) showed bilateral inflammatory polypoid hyperplasia and mesenchymal atypia, and the third biopsy was consistent with chondrosarcoma. There was 100% consensus that the stromal tissue in the second biopsy was atypical but nonneoplastic, whilst the final biopsy specimens displayed features consistent with neoplastic transformation, consistent with chondrosarcoma. We believe this clearly shows progression and subsequent malignant transformation Secondly, the duration of clinical signs in the case for over 2 years (26 months) prior to putative malignant transformation is greater than the reported median survival times for dogs with nasal chondrosarcoma [16] additionally making a missed initial diagnosis unlikely. Finally, bone invasion and destruction typically occur early in the development of sinonasal neoplasia [17] , but in the current case, only occurred 2 years after initial imaging. This is supportive of progression or malignant transformation, with bone invasion thought to occur early in the disease process with nasosinal neoplasia [17] .
In conclusion, whilst the malignant transformation of nasal polyps or secondary development of nasal neoplasia after chronic inflammation is likely to be relatively rare, this potential complication should be considered by the veterinary surgeon when managing a dog with inflammatory polyps, and the clinician should be vigilant for evidence of malignant transformation.
